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(54) PROCESSES FOR PRODUCING POLYESTER RESIN AND MOLDED OBJECT THEREOF 
USING MASTERBATCH 



(57) The present invention provides a masterbatch 
method for producing a polyester resin and articles 
thereof; comprising reacting following materials uni- 
formly at a temperature equal to or greater than the melt- 
ing point of a polyester, the materials comprising: (1)100 
parts by weight of saturated straight-chain polyester A; 
(2) 1 to 1 0 parts by weight of binder masterbatch D com- 
prising: a mixture containing a compound having two 
epoxy groups and a compound having an average 
number of epoxy groups of 2.1 or more; (3) 0.25 to 10 



parts by weight of catalyst masterbatch G comprising: 
a metal carboxylate, whereby the melt viscosity of the 
polyester increases so that the melt flow rate (MFR) be- 
comes 50 g/10 min or less, and the degree of swelling 
of the polyester increases to between 5% and 200%, 
thus resulting in a high-quality resin having excellent 
mechanical properties. The resin can be advantageous- 
ly used for films, sheets, foamed materials, pipes, cush- 
ioning, heat insulators, packing materials, and so forth. 
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Description 

Technical Field 

[0001] The present invention relates to masterbatch 
methods for producing high-quality polyester resins 
having improved processability and articles thereof by 
uniformly subjecting a straight-chain polyester resin 
having relatively low molecular weight to a coupling re- 
action to increase the melt viscosity and the degree of 
swelling, using a small amount of binder masterbatch 
and a trace amount of catalyst masterbatch. More spe- 
cifically, the present invention relates to a masterbatch 
method for producing a high-quality polyester resin hav- 
ing improved processability and articles of the polyester 
resin by subjecting a recycled polyethylene terephtha- 
late-based polyester whose molecular weight and me- 
chanical properties have been reduced to a coupling re- 
action to increase the molecular weight, the melt viscos- 
ity, and the degree of swelling while preventing the by- 
production of gel and fisheyes. 

Background Art 

[0002] In polyesters, saturated straight-chain polyes- 
ters (hereinafter, referred to as PET-based polyesters), 
such as polyethylene terephthalate (PET), polybutylene 
terephthalate (PBT), polyethylene-2 : 6-naphthalenedi- 
carboxylate (PEN), and PETG, have excellent charac- 
teristics and are, therefore, widely used for fibers, films, 
bottles, and the like. Also, the PET-based polyesters are 
used extensively as high-performance resin materials 
in many industrial fields, such as the automotive, ma- 
chine, electrical and electronic material, construction 
material, and container industries. 
[0003] From the viewpoint of resource saving and en- 
vironmental conservation, it has recently been under- 
stood that waste plastics collected from manufacturing 
processes and public consumer markets must be recy- 
cled. As for the PET-based polyesters, waste bottles, 
films, sheets, fibers, and the like have also been actively 
recycled accordingly. However, in these PET-based pol- 
yesters, heat treatment in molding processes is liable to 
significantly reduce the molecular weight thereof and to 
increase the number of carboxyl radicals at ends of the 
molecules thereof. This is a bottleneck in the develop- 
ment of recycling techniques of collected polyesters. 
The molecular weight of collected waste PET-based pol- 
yesters is lower than that of a new chip. For example, 
the molecular weight of flakes (fragments) of recycled 
PET bottles, which are generated in large quantity, is 
reduced to substantially half the original molecular 
weight. Therefore, if such PET bottles are reused as a 
base resin, processability is degraded. The resin results 
in, at the best, fibers, which can be produced even from 
a low-molecular-weight base resin, or low-quality 
sheets, and thus the resulting products do not have the 
quality satisfying requirements of the original PET bot- 



tles or other films and sheets. Thus, the use of recycled 
PET-based polyesters has narrow limits. 
[0004] On the other hand, plastic articles featuring 
light weight, elasticity, processability, and the like have 

5 recently been used for packing containers and cushion- 
ing in large quantity. If the molecular weight and melt 
viscosity of the flakes of low-molecular-weight recycled 
PET bottles or new PET are increased, inexpensive ar- 
ticles can be achieved. 

10 [0005] Some methods are known as solutions for 
these challenges, including methods in which solid 
phase polymerization is performed to restore the molec- 
ular weight; a terminal group of the polyester is allowed 
to react with a chain-extending agent (binder) to in- 

15 crease the molecular weight; or another resin, such as 
an elastomer, is added to compensate for the mechan- 
ical properties. 

[0006] It is proposed that, as the chain-extending 
agent (binder), a compound having a functional group, 
20 such as isocyanate, oxazoline, epoxy, aziridine, orcar- 
bodiimide be used. However, the chain-extending agent 
is subjected to strong constraints from the viewpoint of 
reactivity, thermal stability, and stability. Applicable 
chain-extending agents are, therefore/limited to specific 
25 compounds. Epoxy compounds are relatively useful as 
the chain-extending agent, and a monoepoxy com- 
pound (Japanese Unexamined Patent Application Pub- 
lication No. 57-161124) and diepoxy compounds (Jap- 
anese Patent Application laid open No. 7-166419 and 
30 Japanese Patent Application laid open Nos. 48-25074 
and 60-35944) are known. However, these epoxy com- 
pounds have problems with reaction velocity, formation 
of gel, melt viscosity, compatibility, thermal stability, 
physical properties of the resulting articles, and the like, 
35 and have not yet been put into practical use. 

[0007] On the other hand, a method for increasing the 
molecular weight of polyester is proposed (PCT Japa- 
nese laid open No. 8-508776) in which collected waste 
PET-based polyester is melted and mixed with a difunc- 
40 tional epoxy resin and hydroxyphenylalkylphosphonate 
having steric hindrance effects. Unfortunately, the ster- 
ically hindering hydroxyphenylalkylphosphonate is ex- 
pensive though this method makes reaction velocity 
faster. This is a problem in practical use for industries 
45 which need low-cost recycling. Although another meth- 
od has also been proposed in which rubber and an elas- 
tomer are added to the polyester, this method has prob- 
lems with characteristics after drying, compatibility, ther- 
mal stability, elasticity, and the like. 
so [0008] In general, plastics used for various types of 
articles are polystyrene, polyethylene, and polypropyl- 
ene having high molecular weights and high melting vis- 
cosities. The melting point of PET-based polyesters is 
as low as about 2,000 poise at 280°C, even if the mo- 
55 lecular weight thereof is increased (to, for example, an 
intrinsic viscosity of 1.0 dl/g, a number-average molec- 
ular weight of about 17,000, and a weight-average mo- 
lecular weight of about 44,000) to use for bottles and, 
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therefore, it is difficult to form the PET-based polyester 
into various types of articles for many applications as in 
polyolefins The inventors of the present invention have 
proposed a method for producing a PET-based polyes- 
ter resin having a long chain, blanched structure and 
characteristic features of having a high molecular 
weight, a high melt tension, a high degree of swelling 
and the like and an article of the PET-based resin (PCT 
WO 98/44019) by adding both difunctional and Afunc- 
tional epoxy compounds, acting as a small amount of 
binder, and a trace amount of coupling reaction catalyst 
to the PET-based polyester in advance, and conducting 
a rapid reaction for about two minutes in an extruder. In 
this method, however, a local reaction at the ditch of the 
screw and vicinity of vent the extruder where the raw 
and high-concentration binder and catalyst have been 
placed is liable to intensely produce gel as a by product, 
and thus continuous operation for more than several 
hours causes gel and fisheyes. It has been found that 
the quality of, for example, tubular films, thin films pro- 
duced by aT-die method, and foamed sheets and pipes 
is liable to be degraded due to large amounts of gel and 
fisheyes and, therefore, the prior invention has not been 
perfected. 

[0009] In order to solve the problem of causing gel and 
fisheyes resulting from the local reaction during the rap- 
id reaction of the binder and the catalyst in an extruder, 
an object of the present invention is to provide a mas- 
terbatch method for producing a polyester resin having 
an improved processability and an article of the polyes- 
ter resin in which the molecular weight of a brittle PET- 
based polyester of, particularly, recycled PET bottles 
having a relatively low molecular weight is increased, 
and the melt viscosity of the polyester is also increased 
so that various types of molding can be performed. 

Disclosure of the Invention 

[0010] The inventors of the present invention have 
conducted intensive research to accomplish this object, 
and consequently found that the known method for pro- 
ducing the PET-based polyesters having a specific mo- 
lecular weight and the characteristic features of high 
melt viscosity and large swelling and which are made 
suitable for tubular films, tough sheets, foamed sheets, 45 
and directly blown bottles and pipes by adding a specific 
epoxy resin, acting as a binder, and a coupling reaction 
catalyst to a saturated polyester is liable to by-produce 
gel resulting from a local reaction in the vicinity of high- 
concentrations of raw binder and high-concentrations of sc 
raw catalyst. The inventors have redoubled their effort 
to devise an advantageous method. As a result, they 
found that a masterbatch method in which masterbatch- 
es each previously diluted in a base substance are al- 
lowed to uniformly react with a saturated polyester act- si 
ing as a raw material can solve the problem, with indus- 
trial advantages, and thus achieved the present inven- 
tion. 



[0011] Specifically, the present invention is, first, di- 
rected to a masterbatch method for producing a polyes- 
ter resin, comprising the step of allowing the following 
materials to react uniformly: 

(1) 100 parts by weight of saturated straight-chain 
polyester A; 

(2) 1 to 10 parts by weight of binder masterbatch D 
comprising: 1 0 to 50 parts by weight of a mixture B 
acting as a binder containing 0 to 100 parts by 
weight of a compound having two epoxy groups in 
the molecule thereof and 100 to 0 parts by weight 
of a compound having an average number of epoxy 
groups of 2,1 or more; and 100 parts by weight of 
base substance C; and 

(3) 0.25 to 10 parts by weight of catalyst master- 
batch G comprising 5 to 25 parts by weight of a met- 
al carboxylate acting as coupling reaction catalyst 
E and 100 parts by weight of base substance F. 

[0012] The coupling reaction is performed at a tem- 
perature more than or equal to the melting point of the 
polyester. Thus, the melt viscosity of the polyester in- 
creases so that the melt flow rate (MFR) is 50 g/10 min 
or less at 280° C and under a load of 2.16 kgf in accord- 
ance with condition 20 of JIS K 721 0, and the degree of 
swelling of the polyester increases to between 5% and 
200%. 

[0013] Second, the present invention is directed to a 
masterbatch method for producing an article, compris- 
ing the steps of molding a polyester resin prepared by 
the above-described method into pellets in advance; 
and molding the pellets into the articles. 
[0014] Third, the present invention is directed to a 
masterbatch method for producing an article, compris- 
ing the step of introducing a polyester resin prepared by 
the above-described method to a die or a mold to form 
the articles immediately after the coupling reaction. 
[0015] Fourth, a masterbatch method for producing a 
polyester resin or an article of the polyester resin ac- 
cording to any one of the methods described above is 
provided in which saturated straight-chain polyester A 
is a polyethylene terephthalate-based aromatic polyes- 
ter having an intrinsic viscosity in the range of 0.50 to 
0.90 dl/g. 

[0016] Fifth, a masterbatch method for producing a 
polyester resin or an article of the polyester resin ac- 
cording to any one of the methods described above is 
provided in which saturated straight-chain polyester A 
is a recycled material prepared from a collected poly- 
ethylene terephthalate-based aromatic polyester arti- 
cles. 

[0017] Sixth, a masterbatch method for producing a 
polyester resin or an article of the polyester resin ac- 
cording to any one of the methods described above is 
provided in which the compound having two epoxy 
groups in the molecule thereof contained in binder B of 
binder masterbatch D contains at least one selected 
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from the group consisting of aliphatic polyethylene gly- 
col diglycidyl ether, alicyclic hydrogenated bisphenol A 
diglycidyl ether, and aromatic bisphenol A diglycidyl 
ether and early condensates of bisphenol A diglycidyl 
ether. 

[0018] Seventh, a masterbatch method for producing 
a polyester resin or an article of the polyester resin ac- 
cording to any one of the methods described above is 
provided in which the compound having an average 
number of epoxy groups of 2.1 or more contained in 
binder B of binder masterbatch D contains at least one 
selected from the group consisting of: aliphatic trimeth- 
ylolpropane trigiycidyl ether, glycerin triglycidyl ether, 
epoxide soybean oil, and epoxide linseed oil; heterocy- 
clic triglycidyl isocyanurate; and aromatic phenol novol- 
ac epoxy resins, cresol novolac epoxy resins, and bis- 
resorcinol tetraglycidyl ether. 

' [0019] Eighth, a masterbatch method for producing a 
polyester resin or an article of the polyester resin ac- 
cording to any one of the methods described above is 
provided in which base substance C of binder master- 
batch D contains at least one selected from the group 
consisting of a polyethylene terephthalate-based aro- 
matic polyester having an intrinsic viscosity in the range 
of 0.50 to 0.90 dt/g, a recycled material prepared from 
a collected polyethylene terephthalate-based aromatic 
polyester articles, condensates of ethylene glycol, cy- 
clohexanedimethanol, and terephthalic acid, polyethyl- 
ene acrylate resins, and toluene. 

[0020] Ninth, a masterbatch method for producing a 
polyester resin or an article of the polyester resin ac- 
cording to any one of the methods described above is 
provided in which coupling reaction catalyst E of catalyst 
masterbatch G is a composite containing at least two 
selected from the group consisting of lithium salts, so- 
dium salts, potassium salts, magnesium salts, calcium 
salts, zinc salts, and manganese salts of stearic acid 
and acetic acid. 

[0021] Tenth, a masterbatch method for producing a 
polyester resin or an article of the polyester resin ac- 
cording to any one of the methods described above is 
provided in which base substance F of catalyst master- 
batch G contains at least one selected from the group 
consisting of a polyethylene terephthalate-based aro- 
matic polyester having an intrinsic viscosity in the range 
of 0.50 to 0.90 dl/g, a recycled material prepared from 
a collected polyethylene terephthalate-based aromatic 
polyester articles, condensates of ethylene glycol, cy- 
clohexanedimethanol, and terephthalic acid, and poly- 
ethylene acrylate resins. 

[0022] Eleventh, the present invention is directed to a 
masterbatch method for producing polyester resin pel- 
lets, comprising the steps of: melting (1) undried satu- 
rated straight-chain polyester A at a temperature more 
than or equal to the melting point thereof while perform- 
ing dehydration by degassing to a pressure of 13.3 x 
to 3 Pa or less in a non-water-sealed vacuum line; al- 
lowing (2) binder masterbatch D and (3) coupling reac- 



tion catalyst masterbatch G to uniformly react together 
by heating. Thus, the resulting polyester resin has a melt 
flow rate (MFR) of 50 g/10 min or less at a temperature 
of 280°C under a load of 2.16 kgf in accordance with 
5 condition 20 of JIS K 721 0, and has a degree of swelling 
of 5% to 200%. The step of pelletizing the resulting pol- 
yester resin is also performed. 

[0023] Twelfth, the present invention is directed to a 
masterbatch method for producing an article, compris- 

10 ing the steps of: melting (1) undried saturated straight- 
chain polyester A at a temperature more than or equal 
to the melting point thereof while performing dehydra- 
tion by degassing to a pressure of 1 3.3 x 1 0 3 Pa or less 
in a non-water-sealed vacuum line; allowing (2) binder 

15 masterbatch D and (3) coupling reaction catalyst mas- 
terbatch G to uniformly react together by heating. Thus, 
the resulting polyester resin has a melt flow rate (MFR) 
of 50 g/1 0 min or less at a temperature of 280°C under 
a load of 2.16 kgf in accordance with condition 20 of JIS 

20 k 7210, and has a degree of swelling of 5% to 200%. 
The step of introducing the resulting polyester to a die 
or a mold to form the articles immediately after the fore- 
going coupling reaction is also performed. 

25 Best Mode for Carrying Out the Invention 

[0024] In the present invention, saturated straight- 
chain polyester A of component (1), acting as a raw ma- 
terial prepolymer, is synthesized from a dicarboxylic ac- 

30 id component and a glycol component, or from a hydrox- 
ycarboxylic acid. Exemplary dicarboxylic acid compo- 
nents include aromatic dicarboxylic acids, such as 
terephthalic acid, isophthalic acid, naphthalenedicarbo- 
xylic acid, diphenylcarboxylic acid, diphenylsulfonedi- 

35 carboxylic acid, diphenoxyethanedicarboxylic acid, 
diphenyletherdicarboxylic acid, methylterephthalic acid, 
and methylisophthalic acid; and aliphatic or alicyclic di- 
carboxylic acid : such as succinic acid, adipic acid, se- 
bacic acid, decanedicarboxylic acid, dodecanedicarbo- 

40 xylic acid, and cyclohexanedicarboxylic acid. In these 
dicarboxylic acids, aromatic dicarboxylic acids, particu- 
larly terephthalic acid and 2,6-naphthalenedicarboxylic 
acid, are preferable. 

[0025] Exemplary glycol components include ethyl- 
45 ene glycol, trimethylene glycol, tetramethylene glycol, 
hexamethylene glycol, decamethylene glycol, neo- 
pentyl glycol, cyclohexanedimethanol, polyoxy ethylene 
glycol, polyoxypropylene glycol, and polyoxytetrameth- 
ylene glycol. In these glycols, ethylene glycol, tetrame- 
50 thylene glycol, cyclohexanedimethanol are preferable. 
[0026] Exemplary hydroxycarboxylic acids include a- 
hydroxycaproic acid, hydroxybenzoic acid, and hydrox- 
yethoxybenzoic acid. 

[0027] Practical examples of saturated straight-chain 
55 polyester A include polyethylene terephthalate (PET), 
polybutylene terephthalate (PBT), polyethylene- 
2,6-naphthalate (PEN), PETG (produced by Eastman), 
and their copolymers. Since polyethylene terephthalate 
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(PET) has been mass-produced worldwide and the re- 
cycling system thereof is being completed, PET is par- 
ticularly suitable for the raw material prepolymer of the 
present invention. 

[0028] Preferably, saturated straight-chain polyester 
A used as the prepolymer of the present invention has 
an intrinsic viscosity (IV value) of 0.50 dl/g or more (this 
value corresponds to a melt flow rate (MFR) of about 
210 g/10 min or less at 280°C and under a load of 2.16 
kgf in accordance with J IS K 721 0) , and more preferably 
0.60 dl/g or more (an MFR of about 1 30 g/1 0 min or less) 
when the intrinsic viscosity is measured at 25°C after 
dissolving the prepolymer in the 1 ,1 ,2,2-tetrachlo- 
rethaneiphenol (1:1) solvent mixture. If the intrinsic vis- 
cosity is less than 0.50 dl/g, it is difficult to increase the 
molecular weight and the melt viscosity even according 
to the present invention. The resulting polyester is likely 
not to have excellent processing characteristics of foam- 
ing. The intrinsic viscosity does not have a specific up- 
per limit, but preferably, it is limited to 0.90 dl/g or below 
(MFR of about 25 g/10 min or more), and more prefer- 
ably to 0.80 dl/g or below (MFR of about 45 g/1 0 min or 
more). 

[0029] In practice, flakes or pellets of PET-based pol- 
yester bottles collected in large quantity are often used 
as the prepolymer. PET bottles generally have relatively 
high intrinsic viscosities, and accordingly, the intrinsic 
viscosity of collected PET bottles is high, and is gener- 
ally 0.60 to 0.80 dl/g (MFR of 130 to 45 g/10 min), and 
particularly 0.65 to 0.75 dl/g (MFR of 1 00 to 55 g/1 0 min) . 
[0030] When recycled polyester articles are used, the 
polyester articles may be fibers, films, bottles, or other 
articles, and the polyester may contain a small amount 
of another polymer, such as poiyolefin or polyacrylic es- 
ter. Also, the polyester may contain a small amount of 
additives such as a filler, a pigment, and a dye. In gen- 
eral, flakes (fragments) of recycled PET bottles are sup- 
plied in a paper bag containing 20 kg or a flexible con- 
tainer containing 500 kg, and the flakes generally con- 
tains 3,000 to 6,000 ppm (0.3% to 0.6% by weight) of 
water. 

[0031] Binder B of component (2) of the present in- 
vention is a compound having two epoxy groups or, in 
some cases, an average number of epoxy groups of 2.1 
or more. Exemplary compounds having two epoxy 
groups on average include aliphatic compounds, such 
as polyethylene glycol diglycidyl ether, polypropylene 
glycol diglycidyl ether, tetramethylene glycol diglycidyl 
ether, 1 ,6-hexamethylene glycol diglycidyl ether, neo- 
pentyl glycol diglycidyl ether, and glycerin diglycidyl 
ether; alicyclic compounds, such as hydrogenated bi- 
sphenol A diglycidyl ether, hydrogenated isophthalate 
diglycidyl ester, 3,4-epoxycyclohexylmethyl-3,4-epoxy- 
cyclohexanecarboxylate, and bis(3,4-epoxycyclohexyl) 
adipate; heterocyclic compounds, such as diglycidyl hy- 
dantoin and diglycidyl oxyalkyl hydantoin; and aromatic 
compounds, such as bisphenol A diglycidyl ether, early 
condensate of bisphenol A diglycidyl ether, diphenyl- 



methane diglycidyl ether, terephthalate diglycidyl ester, 
isophthalate diglycidyl ester, and diglycidyl aniline. 
[0032] Exemplary compounds B having three epoxy 
groups on average include aliphatic compounds, such 

5 as trimethylolpropane triglycidyl ether and glycerin trig- 
lycidyl ether; heterocyclic compounds, such as triglyci- 
dyl isocyanurate, triglycidyl cyanurate, and triglycidyl 
hydantoin; and aromatic compounds, such as triglycidyl 
para- or meta-aminophenol. 

10 [0033] Exemplary compounds B having four epoxy 
groups on average include tetraglycidylbenzylethane, 
sorbitol tetragiycidyl ether, tetraglycidyl diaminophenyl- 
methane, and tetraglycidyl bisaminomethylcyciohex- 
ane. 

15 [0034] Compound B having a mixed decimal number 
of epoxy groups between 2.1 and several pieces on av- 
erage may be phenol novolac epoxy resins and cresol 
novolac epoxy resins. Dow Chemical Company places 
exemplary compounds B having 2.2, 3.6, 3.8 and 5.5 

20 epoxy groups on average on the market, and these are 
available. 

[0035] In order to be used for food packaging, the 
epoxy resins must be very safe. Preferably, epoxide 
soybean oil (Adekasizer O-130P), epoxide linseed oil 
25 (Adekasizer O-130P), or epoxide fatty alky I ester (Ade- 
kasizer D-178) manufactured by Asahi Denka Co., Ltd. 
and certified by the FDA, the heat-stable epoxy resin 
NC-3000S (negative in the AIMS test) manufactured by 
Nippon Kayaku Co., Ltd., or the like are used. 
30 [0036] The content of compound B of component (2) 
having epoxy groups of the present invention is in the 
range of 0.1 to 5 parts by weight to 100 parts by weight 
of the saturated straight-chain polyester of component 
(1). Preferably, it is in the range of 0.4 to 1.0 parts by 
35 weight. If the content is less than 0.1 parts by weight, 
compound B does not sufficiently serve to extend 
chains, and the molecular weight and the melt viscosity 
do not increase enough. Consequently, the processa- 
bility is not improved. In contrast, if the content is more 
40 than 5 parts by weight, the fundamental and mechanical 
characteristics and the elasticity of the resulting articles 
decrease by the effect of plasticizer, or large amounts 
of gel and fisheyes bring out. In general, the content de- 
pends on the type of component (2), and particularly on 
45 the molecular weight. For example, if an epoxy resin 
having a low molecular weight and an epoxy equivalent 
of 1 00 to 200 g/eq is allowed to react with a saturated 
straight-chain polyester having a high intrinsic viscosity 
of 0.90 dl/g, a component B content of 0.1 parts by 
so weight will suffice. If an epoxy resin having a high mo- 
lecular weight and an epoxy equivalent of 2000 g/eq is 
allowed to react with a saturated straight-chain polyes- 
ter having a low intrinsic viscosity of 0.50 dl/g, a com- 
ponent B content of about 5 parts by weight may be nec- 
55 essary. 

[0037] The present invention is characterized in that 
a mixture containing 0% to 100% by weight of a com- 
pound having two epoxy groups and 100% to 0% by 
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weight of a compound having an average number of 
polyfunctional epoxy groups of 2.1 or more is used as 
binder B, thereby increasing the molecular weight of the 
saturated straight-chain polyester and introducing a 
long-chain branch. Thus, a PET-based polyester having 
a high melt viscosity and a high degree of swelling, 
which are necessary to form tubular films, direct blown 
bottles, highly foamed materials, pipes, and the like, and 
various articles of the PET-based polyester can be 
achieved. According to the present invention, by in- 
creasing the alternatives and usage of compound Bcon- 
taining a compound having 2 polyfunctional epoxy 
groups and a compound having an average number of 
polyfunctional epoxy groups of 2.1 or more, the number 
of long branched chains, the molecular weight, the melt 
viscosity, the degree of swelling , and the like can be con- 
trolled to a level at which various types of molding can 
be conducted. The polyester of the present invention al- 
lows molecular chains to entangle each other because 
of the introduction of a long-chain branch. Thus, the de- 
gree of swelling and the melt viscosity can be arbitrarily 
increased even if the intrinsic viscosity is relatively low 
and in the range of 0.6 to 0.8 dl/g. 
[0038] Preferably, in the present invention, a mixture 
of 0% to 99% by weight of the compound having two 
epoxy groups in the molecule thereof and 1% to 100% 
by weight of the compound having an average of at least 
2.1 of polyfunctional epoxy groups in the molecule 
thereof is used. The compound having two epoxy 
groups mainly serves to increase the molecular weight 
of the saturated straight-chain polyester and reduce the 
MFR. On the other hand, the compound having an av- 
erage of at least 2.1 of polyfunctional epoxy groups also 
serves to increase the molecular weight and reduce the 
MFR. In addition, it mainly serves to form a long-chain 
branch to increase the degree of swelling and the melt 
viscosity. As a result, tubular films, directly blown bot- 
tles, tough sheets, highly foamed materials, and pipes 
can be arbitrarily produced. Under present circumstanc- 
es, for tubular films and pipes and directly blown bottles, 
for example, a PET-based polyester having a relatively 
small number of long-chain branches, an MFR of 3 g/1 0 
min or less, and about 20% to 50% of swelling is pref- 
erable. For highly expanded foamed materials, for ex- 
ample, a PET-based polyester having a large number 
of long-chain branches, an MFR of 3 to 1 0 g/1 0 min, and 
about 50% to 200% of swelling is preferable. For tough 
sheets capable of two times or more deeper stretching 
than commercially available A-PET, for example, a PET- 
based polyester having a relatively large number of 
long-chain branches, an MFR of 5 to 20 g/10 min, and 
about 50% to 100% of swelling is preferable. 
[0039] One of the most striking characteristics of the 
present invention is that binder masterbatch D prepared 
by previously diluting binder B with base substance C is 
used in order to prevent the raw material polyester from 
locally reacting with raw and high-concentration binder 
B, as in the manner in which, for example, homogene- 



ous kuzu-yu is prepared by pouring hot water into kuzu 
starch previously dispersed in water. As base substance 
C, a polyethylene terephthal ate- based aromatic polyes- 
ter having an intrinsic viscosity of 0.50 to 0.90 dl/g, re- 

5 cycled polyester from collected polyethylene terephtha- 
late-based aromatic polyester articles, PETG (conden- 
sate of ethylene glycol, cyclohexanedimethanol, and 
terephthalic acid, produced by Eastman), polyethylene, 
polyethylene acrylate resins (J-REX EEA and LEX- 

10 PEARL produced by Japan Polyolefins Co., Ltd.), tolu- 
ene, benzene, xylene, and the like may be used. If the 
resulting articles needs to be transparent, an organic 
solvent, such as PET-based polyester, PETG (conden- 
sate of ethylene glycol, cyclohexanedimethanol, and 

15 terephthalic acid, produced by Eastman), toluene, ben- 
zene, or xylene, may be used. If the resulting articles 
does not need to be transparent, polyethylene, polyeth- 
ylene acrylate resins (J-REX EER and LEXPEARL pro- 
duced by Japan Polyolefins Co., Ltd.) orthe like may be 

20 used. 

[0040] Binder masterbatch D generally contains 1 0 to 
50 parts by weight of binder B and 1 00 parts by weight 
of base substance C, and preferably 15 to 20 parts by 
weight of binder B and 1 00 parts by weight of base sub- 

25 stance C. A binder B content of 10 parts by weight or 
less degrades the effect of masterbatch D and increases 
cost. A binder B content of 50 parts by weight or more 
disadvantageously makes it difficult to prepare master- 
batch D, and is liable to cause gel to form during the 

30 coupling reaction. 

[0041] Binder masterbatch D is generally used in an 
amount of 1 to 10 parts by weight relative to 100 parts 
by weight of saturated straight-chain polyester A, and 
more preferably in an amount of about 5 parts by weight, 

35 which improves ease of dispersing and mixing. 

[0042] In order to prepare binder masterbatch D, a 
common single screw extruder, a twin screw extruder, 
a kneader-ruder, or the like having an L/D ratio of about 
10 to 45 may be used. A predetermined amount of the 

40 binder is supplied from the side to extrude a strand from 
a die while a predetermined amount of resin of base sub- 
stance C is allowed by the extruder to flow at a temper- 
ature 10 to 20°C higher than the melting point of the 
base substance. After being water-cooled, the strand is 

45 cut into pellets. If the binder is liquid, it is supplied by a 
metering pump through the vent of the extruder or a 
forced supply line. If the binder is semisolid or solid, it 
is supplied by a metering pump while a storage contain- 
er and a forced supplying line are heated. Alternatively, 

50 it may be dissolved in benzene, toluene, xylene, or the 
like to a predetermined concentration in advance, and 
is, for example, diluted 2 to 1 0 times. Then, the diluted 
binder is supplied. Next, the resulting pellets of the bind- 
er masterbatch D are dried at a temperature equal to or 

55 lower than the melting point of base substance C and at 
which the pellets do not adhere to each other, for exam- 
ple, in the range of 50 to 140°C, and preserved in a 
three-layered moisture-proof bag composed of alumin- 
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ium, polyethylene, and paper. 

[0043] Coupling reaction catalyst E of component (3) 
contains at least one selected from the group consisting 
of (a) alkali metal carboxyiates, (b) alkaline-earth metal 
carboxylates : and (c) aluminium, zinc, and manganese 
carboxyiates. The metals contained in the metal carbox- 
yiates include alkali metals, such as lithium, sodium, and 
potassium; alkaline-earth metals, such as magnesium, 
calcium, strontium, and barium; and other metals, such 
as aluminium, zinc, and manganese. 
[0044] The carboxylic acids of the carboxyiates in- 
clude aliphatic carboxylic acids having a carbon number 
in the range of 1 to 20, and particularly in the range of 
1 to 10; alicyclic carboxylic acids having a carbon 
number in the range of 3 to 12; and aromatic carboxylic 
acids having a carbon number in the range of 7 to 20. 
Specifically, the carboxylic acids include acetic acid, 
propionic acid, butyric acid, caproic acid, adipic acid, 
stearic acid, palmitic acid, montanic acid, cyclohexane- 
carboxylic acid, benzoic acid, and phthalic acid. In par- 
ticular, easily available, inexpensive metal acetates and 
metal stearates (homogeneous catalysts) having a 
melting point lowerthan that of the raw material polyes- 
ter are preferable. 

[0045] More preferably, the coupling reaction catalyst 
E is a composite of metal carboxyiates and masterbatch 
G containing these metal carboxyiates. It has been 
found that metal carboxyiates are not always suitable 
for preparing the polyester of the present invention when 
they are used separately. For example, while lithium 
stearate significantly reduces MFR, the catalytic activity 
thereof is low and, therefore, cannot complete a cou- 
pling reaction and results in a strand hard to draw. So- 
dium stearate has a high catalytic activity and therefore 
can complete a coupling reaction, thus resulting in a 
strand easy to draw (having a nucleation function); how- 
ever, it changes the target polyester color to yellow. Al- 
so, calcium stearate has the same functions as lithium 
stearate and results in a colorless, clear polyester, but 
the catalytic activity thereof is further lower. Manganese 
acetate has a catalytic activity higher than that of sodium 
stearate and therefore can complete a coupling reac- 
tion, thus resulting in a strand easy to draw (having a 
nucleation function); however, it further changes the tar- 
get polyester color to red brown. 
[0046] It is therefore preferable that the coupling re- 
action catalyst be a composite. As for a binary catalyst, 
catalyst E may, for example, be 20/80 to 50/1 00 of lith- 
ium stearate/calcium stearate, 20/80 to 50/100 of sodi- 
um stearate/calcium stearate, 20/1 00 to 50/1 00 of man- 
ganese acetate/lithium stearate, or 20/100 to 50/100 of 
manganese acetate/calcium stearate. As for a ternary 
catalyst, catalyst E may. for example, be a composite 
catalyst, such as 50/50/100 of lithium stearate/sodium 
stearate/calcium stearate, 50/50/1 00 of lithium stearate/ 
sodium acetate/calcium stearate, or 50/50/1 00 of lithium 
stearate/manganese acetate/calcium stearate, or a 
masterbatch containing the composite catalyst and 



base substance F. 

[0047] The carboxylate content of coupling reaction 
catalyst E, including lithium salts, sodium salts, calcium 
salts, and manganese salts, is in the range of 0.01 to 

5 0.5 parts by weight relative to saturated straight-chain 
polyester A of component (1). Preferably, it is in the 
range of 0.05 to 0.2 parts by weight. If the content is less 
than 0.01 parts by weight, the catalytic activity becomes 
low, and the coupling reaction may not be completed, 

10 consequently not increasing the molecular weight. A 
content more than 0.5 parts by weight may by-produce 
gel or rapidly increase the melt viscosity due to a local 
reaction, and thus cause hydrolysis or other problems 
in the extruder or during a molding process. 

15 [0048] Another of the most striking characteristics of 
the present invention is that, in order to prevent a local 
reaction at the vicinity of catalyst E, masterbatch G is 
used with base substance F used as a diluent. As base 
substance F, a polyethylene te rep hth a late- based aro- 

20 matic polyester having an intrinsic viscosity of 0.50 to 
0.90 dl/g, recycled polyester from collected polyethyl- 
ene terephthalate-based aromatic polyester articles, 
PETG (condensate of ethylene glycol, cyclohexaned- 
imethanol, and terephthalic acid, produced by East- 

25 man), polyethylene, polyethylene acrylate resins 
(J-REX EEA and LEXPEARL produced by Japan Poly- 
olefins Co., Ltd.), polyacrylate resins (including copoly- 
mers): and the like may be used, substantially as in base 
substance C. If the resulting articles needs to be trans- 

30 parent, a PET-based polyester, PETG (condensate of 
ethylene glycol, cyclohexanedimethanol, and tereph- 
thalic acid, produced by Eastman), or polyacrylate res- 
ins (including copolymers) may be used. If the resulting 
articles does not need to be transparent, polyethylene, 
35 polyethylene acrylate resins (J-REX EEA and LEX- 
PEARL produced by Japan Polyolefins Co., Ltd.) or the 
like may be used. 

[0049] Catalyst masterbatch G generally contains 5 
to 25 parts by weight of catalyst E and 1 00 parts by 

40 weight of base substance F, and preferably 7.5 to 12.5 
parts and more preferably 8 to 1 0 parts by weight of cat- 
alyst E and 100 parts by weight of base substance F. A 
catalyst E content of 5 parts by weight or less degrades 
the effect of masterbatch G and increases cost. A cata- 

45 lyst E content of 25 parts by weight or more disadvan- 
tageously makes it difficult to prepare the masterbatch 
G, and is liable to by-produce gel during the coupling 
reaction. In addition, it disadvantageously causes resins 
to hydrolyze during processing processes. 

50 [0050] Catalyst masterbatch G is generally used in an 
amount of 0.25 to 1 0 parts by weight relative to 1 00 parts 
by weight of saturated straight-chain polyester A, and 
more preferably in an amount of 0.5 to 2 parts by weight, 
which improves ease of dispersing and mixing. 

55 [0051] Coupling reaction catalyst E of component (3) 
may contain additives, such as a promoter, a nucleation 
agent, and a crystallization accelerator, if necessary. 
The additives include, for example, halides, carbonates, 
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and bicarbonate of alkali metals and alkaline-earth met- 
als, such as lithium chloride, potassium iodide, and po- 
tassium carbonate; aryl oralkyl-substituted phosphines, 
such astributylphosphine,trioctylphosphine, andtriphe- 
nylphosphine; and alkali and alkaline-earth metal salts 
of saturated fatty acids, such as butyric acid, valeric ac- 
id, caproic acid, lauric acid, myristic acid, palmitic acid, 
stearic acid, behenic acid, and montanic acid, and un- 
saturated fatty acids, such as crotonic acid : oleic acid, 
and elaidic acid, including lithium salts, sodium salts, po- 
tassium salts, beryllium salts, magnesium salts, calcium 
salts, strontium salts, and barium salts. These additives 
also may be used as amasterbatch in combination with 
base substance F. 

[0052] In addition to polyester A of component (1), 
compound B containing epoxy groups and base sub- 
stance C of component (2), and metal carboxylate E and 
base substance F of component (3), the polyester resin 
composition of the present invention may further contain 
a nudeation agent or a filler, such as talc, calcium car- 
bonate, calcium oxide, kaolin, alumina, or aluminium hy- 
droxide; a reinforcing agent, such as glass fiber, carbon 
fiber, aramid fiber, or whisker; and a pigment, such as 
carbon black, antimony oxide, molybdenum disulfide, or 
titanium oxide. Also, the polyester resin composition 
may contain another colorant, a stabilizer, a U V absorb- 
ent, an antioxidant, a viscosity adjuster, an antistatic 
agent, a conducting agent, a fluidizing agent, a mold re- 
lease agent, another cross-linker, another resin, and the 
like, if necessary. 

[0053] For example, antioxidants include hindered 
phenol antioxidants, such as p-t-butylhydroxytoluene 
and p-t-butylhydroxyanisole, sulfur antioxidant, such as 
distearyl thiodipropionate and dilauryl thiodipropionate. 
Heat stabilizers include triphenyl phosphite, triiauryl 
phosphite, and trisnonylphenyl phosphite. UV absorb- 
ers include p-t-butylphenyl salicilate, 2-hydroxy- 
4-thoxybenzophenone, 2-hydroxy-4-methoxy-2'-car- 
boxybenzophenone, and 2,4,5-trihydroxybutyrophe- 
none. Antistatic agents include N,N-bis(hydroxyethyl) 
alkylamine, alkylarylsulfonate, and alkylsulfonate. 
Flame retardants include hexabromocyclododecane, 
tris-(2,3-dichlbropropyl)phosphate, and pentab- 
romophenylallyl ether. 

[0054] Productiones of producing the polyester resin 
of the present invention applying a masterbatch method 
will now be described. Saturated straight-chain polyes- 
ter A of component (1) may be a new normal resin or 
flakes, grains, powder, chips, melt, or the like of recycled 
PET bottles. Raw materials of main component polyes- 
ter prepolymer are preferably dried at 90 to 140°C for 
several hours to over ten hours in dehumidified air or 
hot air. However, if a specific twin screw extruder is used 
in a high vacuum, drying is not necessary. Three com- 
ponents including the raw material and the masterbatch- 
es are mixed with a mixer, such as a tumble or a Hen- 
schel mixer in advance, and are then supplied to, for 
example, a high-vacuum twin screw extruder or a single 



screw extruder to form pellets. Alternatively, the compo- 
nents may be supplied to a processing apparatus direct- 
ly connected to the extruder and are, thus, molded into 
an article at one time. 

5 [0055] In this instance, the temperature for heating 
and melting is preferably between the melting pint of the 
polyester and 350°C, from the viewpoint of controlling 
the reaction. A temperature of 300°C or less is particu- 
larly preferable, and a temperature of more than 350°C 

10 is likely to cause the polyester to change color or ther- 
mally decompose. 

[0056] These three components may be simultane- 
ously mixed. Otherwise raw material A of component (1 ) 
and masterbatch D acting as binder B of component (2) 

15 may be previously mixed, and then masterbatch G act- 
ing as catalyst E of component (3) is added from the 
side. Raw material A of component (1 ) and masterbatch 
G acting as catalyst E of component (3) may be previ- 
ously mixed, and then masterbatch D acting as binder 

20 b of component (2) is added from the side. Even if the 
raw material is not dried, the three components may be 
mixed and added at onetime. 

[0057] As a reactor for heat melting, a single screw 
extruder, a twin screw extruder, a two-stage extruder 
25 which is a combination of these two extruders, or a 
kneader-ruder may be used, or a self-cleaning type twin 
screw reactor, which is used for polycondensation of 
PET-based polyester resins, may be used. Since the 
high-temperature reaction for producing the polyester 
30 resin of the present invention is conducted in the extrud- 
er for a short period of about 1 to 1 0 minutes, preferably, 
the L/D ratio of the extruder is in the range of about 30 
to 50, and particularly in the range of 38 to 45. 
[0058] In general, it is preferable that the residence 

35 time be short, and, for example, between 30 seconds 
and 60 minutes though it depends on the performance 
of the extruder. In particular, a residence time in the 
range of 1 .5 to 5 minutes helps increase the molecular 
weight of saturated straight-chain polyester A rapidly, 

40 thus reducing the number of terminal carboxyl groups 
rapidly. This is probably because coupling reaction cat- 
alyst E facilitates the coupling reaction between the ter- 
minal carboxyl groups of raw material polyester A and 
the epoxy groups of binder B containing polyfunctional 

45 epoxy components, so that the polyfunctional epoxy 
components help polyester molecules combine with 
each other to extend or branch the molecular chains and 
thus increase the molecular weight. 
[0059] If only coupling reaction catalyst E is added to 

50 polyester A and heat melting is performed, the molecu- 
lar weight does not increase, nor does the number of 
terminal carboxyl groups decrease. If only the polyfunc- 
tional epoxy compounds contained in component B are 
added and heat melting is performed, the molecular 

55 weight does not increase in a short time because the 
reaction is slow. Only by allowing three components (1 ), 
(2) : and (3) to react in the masterbatches containing 
base substances C and F, followed by extrusion , the mo- 
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lecular weight, the melt viscosity, and the degree of 
swelling can be remarkably increased and, thus, a resin 
and an article having uniform quality can be achieved 
with enhanced reproducibility. 

[0060] In general, It is preferable that the recycled 
PET bottle flakes and new polyester resin to be used in 
the above-described reactor be dried, in advance, by hot 
air at 110 to 140°C to reduce the moisture to between 
1 00 and 200 ppm, or dried by dehumidified air to reduce 
the moisture to 50 ppm or less. Polyester resins adsorb 
moisture in air and usually contain 3,500 to 6,000 ppm 
(0.35% to 0.60% by weight) of moisture, depending on 
the environmental humidity. Drying as in the above-de- 
scribed manner helps accomplish the object of the 
present invention with reliability. 

[0061] If undried recycled PET bottle flakes or undried 
new polyester resin is used as the raw material, the vac- 
uum line of the twin screw extruder is sealed with a non- 
water substance, that is, oil. The degree of vacuum of 
the f i rst vent is set at 1 3 .3 x 1 0 3 Pa (1 00 mmHg) or less , 
preferably at 2.6 x 1 0 2 Pa (20 mmHg) or less, and more 
preferably at 0.4 x 10 2 Pa (3 mmHg) or less, and thus 
the moisture can be removed by vacuum degassing im- 
mediately after the polyester resin is melted. 
[0062] The polyester resin of the present invention 
may be subjected to processing in accordance with a 
prior invention (PCT WO 98/44019). Specifically, the 
processing temperature is set in the range of 260 to 
290°C. 

EXAMPLES 

[0063] The present invention will be further illustrated 
with reference to Examples. 

[0064] The polyester of the present invention was 
subjected to measurements of intrinsic viscosity (IV val- 
ue), MFR (melt flow rate), the degree of swelling (dila- 
tation) , molecular weight, and melt viscosity. The meas- 
urements were conducted as follows. 

(1) Intrinsic viscosity 

[0065] Using a solvent mixture containing identical 
amounts of 1 ,1,2,2-tetrachloroethane and phenol, the 
measurement was conducted at 25°C with a Cannon- 
Fenske viscometer. 

(2) MFR 

[0066] In accordance with condition 20 of JIS K 721 0, 
the measurement was conducted at a temperature of 
280°C and under a load of 2.16 kg. 

(3) Degree of swelling 

[0067] Using a melt indexer for measuring MFR, sam- 
ples were allowed to flow and droop at a temperature of 
280°C and under a load of 2.16 kg until they drooped 
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2.0 cm, followed by cutting off. The diameter at a posi- 
tion 5.0 mm from the bottom edge of the samples was 
measured, and the degree of swelling was derived from 
the following equation. The measurement was per- 
5 formed several times for each sample and the average 
value of the measurement was used. The value "2.095" 
in the following equation represents the diameter of the 
nozzle of the melt indexer for MFR measurement. 

10 

Degree of swelling (%) = [(average diameter - 
2.095)/2.095]x 100 

15 (4) Molecular weight 

[0068] The measurement was performed by a GPC 
method, using a main unit SYSTEM-21 and two col- 
umns Shodex KF-606M (for both sample and refer- 
20 ence), each manufactured by Showa Denko K.K. 

Solvent: hexafluoroisopropyl alcohol 
column temperature: 40°C 
Injection amount: 20 pi. • Flow rate: 0.6 ml/min 
25 . Polymer content: 0.15% by weight 

Detector: Shodex RI-74, molecular weight conversion 
standard: PMMA (Sodex M-75) 

30 (5) Melt viscosity 

[0069] Using the DynAlyser DAR-100 manufactured 
by REOLOGICA in Sweden . the measurement was per- 
formed by applying torsional vibration between hot 
35 plates to sample pieces 2 cm in length and width and 2 
mm in thickness at 280°C in an atmosphere of nitrogen. 

(Production Examples 1 to 5 of Maste matches) 

40 [Prodpction Examples of Binder Masterbatches D1 to 
D5] 

[0070] Using a twin screw extruder, manufactured by 
Berstorff, having an opening diameter of 43 mm and an 

45 LTD ratio of 43 and evacuated by three-stage water-seal- 
ing, 50 parts by weight of clear flakes (prepared from 
recycled PET bottles, having a intrinsic viscosity of 
0.725 dl/g and a MFR of 56 g/10 min) produced by Yono 
PET Bottle Recycle Co., Ltd. dried by hot air at 120°C 

50 for about 1 2 hours and 50 parts by weight of PETG 6763 
(IV: 0.73, density: 1 .27) supplied in a dried bag and pro- 
duced by Eastman were extruded at a set temperature 
of 260° C. a screw rotation of 200 rpm, a first vent pres- 
sure of about -600 mmHg, a third vent pressure of about 

55 -670 mmHg, and a self-feeding rate of 30 kg/h. At the 
same time, 15 parts by weight of ethylene glycol digly- 
cidyl ether (Epolight 40E produced by Kyoeisha Kagaku 
Co., Ltd., epoxy equivalent: 135 g/eq, lemon yellow liq- 
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uid), which is a difunctional epoxy compound, was in- 
jected from the second vent with a metering pump to 
serve as a binder (Production Example 1 , binder mas- 
terbatchDI). 

[0071] In the same manner, 15 parts by weight of a 
mixture of 75 parts by weight of difunctional ethylene 
glycol diglycidyl elher and 25 parts by weight of Afunc- 
tional trimethylolpropane triglycidyl ether (Epolight 
100MF produced by Kyoeisya Kagaku Co., Ltd., epoxy 
equivalent: 150 g/eq, lemon yellow liquid) was injected 
with a metering pump to serve as a binder (Production 
Example 2, binder masterbatch D2). In the same man- 
ner, 1 5 parts by weight of a mixture of 50 parts by weight 
of ethylene glycol diglycidyl ether and 50 parts by weight 
of trifunctional trimethylolpropane triglycidyl ether was 
injected with a metering pump (Production Example 3, 
binder masterbatch D3). In the same manner, 15 parts 
by weight of a mixture of 25 parts by weight of ethylene 
glycol diglycidyl ether and 75 parts by weight of trifunc- 
tional trimethylolpropane triglycidyl ether was injected 
with a metering pump (Production Example 4, binder 
masterbatch D4). In the same manner, 15 parts by 
weight of trifunctional trimethylolpropane triglycidyl 
ether was injected with a metering pump (Production 
Example 5, binder masterbatch D5). 
[0072] Five strands extruded from die openings of 3.5 
mm in diameter were cooled down in water, and were 
cut into pellets with a rotary cutter. The resulting pellets 
in an amount of 100 kg each were dried at 140°C for 
about 0.5 hours and subsequently at 120°C for about 
12 hours by hot air, and were then preserved in a mois- 
ture-proof bags. 

(Production Examples 6 and 7 of Masterbatches) 

[Production Examples of Catalyst Masterbatches G1 
and G2] 

[0073] Using a twin screw extruder, manufactured by 
Berstorff, having a diameter of 43 mm and an LVD ratio 
of 43 and evacuated by three-stage water-sealing, 50 
parts by weight of a dried clear flake (prepared from re- 
cycled PET bottles, having a intrinsic viscosity of 0.725 
dl/g and a MFR of 56 g/10 min) produced by Yono Pet 
Bottle Recycle Co., Ltd.; 50 parts by weight of dried 
PETG 6763 (IV: 0.73, density: 1 .27) produced by East- 
man; and a composite catalyst containing 2.5 parts by 
weight of lithium stearate, 2.5 parts by weight of sodium 
stearate, and 5.0 parts by weight of calcium stearate 
were mixed in a tumbler (Production Example 6, com- 
posite catalyst masterbatch G1). While the sample was 
being extruded at a set temperature of 260°C, a screw 
rotation of 200 rpm, a first vent pressure of about -630 
mmHg, a third vent pressure of about -730 mmHg, and 
a self-feeding rate of 30 kg/h , five strands from die open- 
ings of 3.5 mm in diameter were cooled down in water, 
and were cut into pellets with a rotary cutter. Each type 
of resulting pellets in an amount of 10 kg were dried at 



140°C for about 1 hour and subsequently at 120°C for 
about 1 2 hours by hot air, and were then preserved in a 
moisture-proof bag. 

[0074] In the same manner, 50 parts by weight of a 
s dried clear flake, 50 parts by weight of PETG 6763 pro- 
duced by Eastman, a composite catalyst containing 2.5 
parts by weight of lithium stearate and 5.0 parts by 
weight of calcium stearate, and 2.5 parts by weight of 
talc acting as a nucleation agent were mixed in a tumbler 
10 (Production Example 7, composite catalyst masterbatch 
G2). 

(Example 1) 

15 [Formation of a film by inflation techniques, using pellets 
of a polyester (P1) having a low-long chain blanches 
prepared by adding binder masterbatch D1 containing 
1 00% by weight of a compound having two epoxy 
groups and catalyst masterbatch G1] 

20 

[0075] Using a tumbler, 1 00 parts by weight of undried 
clearflakes (prepared from recycled PET bottles, having 
an intrinsic viscosity of 0.725 dl/g and a MFR of 56 g/1 0 
min) produced by Yono PET Bottle Recycle Co., Ltd.; 5 

25 parts by weight of the binder masterbatch (D1 ) of Pro- 
duction Example 1 ; and 4.0 parts by weight of the com- 
posite catalyst masterbatch (G 1 ) of Production Example 
6 containing 50 parts by weight of lithium stearate, 50 
parts by weight of sodium stearate, and 100 parts by 

30 weight of calcium stearate were mixed. While the sam- 
ple was being extruded at a set temperature of 280°C, 
a number of screw rotation of 1 00 rpm, a first vent pres- 
sure of about -755 mmHg, a second and third vent pres- 
sure of about -690 mmHg, and a self-feeding rate of 30 

35 kg/h with a twin screw extruder PCM-46 manufactured 
by Ikegai Corporation having an opening diameter of 46 
mm and an L/D ratio of 35 and evacuated by three-stage 
oil-sealing, five strands extruded from die openings of 3 
mm in diameter were cooled down in water, and were 

40 cut into pellets with a rotary cutter. The resulting pellets 
were dried at 120°C for about 12 hours and were pre- 
served in a moisture-proof bag. 

[0076] The resulting polyester resin pellets (P1) hav- 
ing a small number of long-chain branches exhibited an 
45 intrinsic viscosity of 0.85 dl/g, a MFR of 14.5 g/10 min, 
a degree of swelling of 45%, and a mett viscosity of 
1,300 Pa-s. 

[0077] The polyester resin pellets (P1 ) having a small 
number of branched chains taken from the moisture- 

50 proof bag were subjected to molding with a LDPE infla- 
tion film-forming apparatus manufactured by Topy In- 
dustries, Ltd. operated by a single screw and having an 
opening diameter of 50 mm and an LTD ratio of 32 under 
the conditions of a die diameter of 100 mm, a lip gap of 

55 1.0 mm, a temperature of 270°C, and an blow ratio of 
2.9. Thus, a transparent film having a thickness of about 
30 microns was obtained. This film barely exhibited any 
by-production of gel and fisheyes in comparison with the 
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known method where neither a binder masterbatch nor 
a composite catalyst is used. In contrast, in formation 
using recycled PET bottle flakes, the sample flowed out 
from the outlets of a die like water, consequently not re- 
sulting in a film. 

(Example 2) 

[Direct Formation of sheet while a polyester (P2) having 
a middle long-chain branches was prepared by adding 
binder masterbatch D2 containing 75% by weight of a 
compound having two epoxy groups and 25% by weight 
of a compound having three epoxy groups and a 
catalyst] 

[0078] Using a tumbler, 100 parts by weight of an un- 
dried clear flakes (prepared from recycled PET bottles, 
having an intrinsic viscosity of 0.726 dl/g and a MFR of 
52 g/10min) produced by With PET Bottle Recycle Co., 
Ltd.; 2.5 parts by weight of the binder masterbatch (D2) 
of Example 2; and powder composite catalyst contain- 
ing 0.1 parts by weight of lithium stearate, 0.05 parts by 
weight of sodium stearate, and 0.05 parts by weight of 
calcium stearate were mixed. A twin screw extruder for 
the first stage having an opening diameter of 46 mm and 
an UD ratio of 35, evacuated by three-stage oil-sealing, 
and being set at a temperature of 280°C, a screw rota- 
tion of 100 rpm, a first vent pressure of about -755 mm- 
Hg, a second and third vent pressure of about -690 mm- 
Hg, and a self-feeding rate of 60 kg/h; a single screw 
extruder PS-65 for the second stage having an opening 
diameter of 65 mm and an UD ratio of 25, being set at 
a temperature of 270° C, a screw rotation of B5 rpm; a T 
die having a width of 650 mm and a lip gap of 1 .5 mm; 
and a horizontal-type, and three-stage vertical oil-heat- 
ing chill roll were used. 

[0079] Colorless, transparent sheets of 580 mm in 
width and 0.8 mm in thickness were obtained by hori- 
zontal drawing. In the sheets, gel and fisheye were bare- 
ly present in comparison with the known method in 
which neither a binder masterbatch nor a composite cat- 
alyst is used. The MFR of the resulting sheet was 16. In 
tensile tests (50 mm/min) using a number 2 dumbbell 
specified in JIS, the sheets exhibited yield strengths of 
575 kgf/cm 2 (MD) and 587 kgf/cm 2 (TD), break 
strengths of 587 kgf/cm 2 (MD) and 504 kgf/cm 2 (TD), 
break elongations of 370% (MD) and 670% (TD), and 
tensile modulus of 280 kgf/mm 2 (MD) and 250 kgf/mm 2 
(TD). 

(Examples 3 to 6) 

[Preparation of pellets of high-molecular-weight 
polyester resins (P3 to P6) by adding any one of 
masterbatches D2 to D5 containing difunctional and 



trifunctional aliphatic binders and composite catalyst 
masterbatch G1] 

[0080] Three types of materials were mixed in a tum- 
5 bier. The materials were 1 00 parts by weight of undried 
clear flakes (prepared from recycled PET bottles, having 
an intrinsic viscosity of 0.725 dl/g, a MFR of 56 g/1 0 min , 
and a melt viscosity of 67 Pa-s, quality specification; re- 
spectively under 30 ppm of aluminium and metals, 40 
10 ppm of PVC flakes, 450 ppm of pigment flakes, 30 ppm 
of polyolefin, and 90 ppm of a label and others) pro- 
duced by Yono PET Bottle Recycle Co., Ltd., 7.0 parts 
by weight of any one of the binder masterbatches (D2 
to D5) of respective Production Examples 2 to 5, and 
15 1.1 parts by weight of the composite catalyst master- 
batch (G1) of Production Example 1 containing 50 parts 
by weight of lithium stearate, 50 parts by weight of so- 
dium stearate, and 1 00 parts by weight of calcium stea- 
rate. While samples were being extruded at a set tem- 
20 perature of 280°C, a screw rotation of 100 rpm, a first 
vent pressure of about -750 mmHg, a second and third 
vent pressure of about -755 mmHg, and a self-feeding 
rate of 50 kg/h with a twin screw extruder PCM-70 man- 
ufactured by Ikegai Corporation having an opening di- 
25 ameter of 70 mm and an L/D ratio of 37 and evacuated 
by three-stage oil-sealing, ten strands extruded from die 
openings of 2 mm in diameter were cooled down in wa- 
ter, and were cut into pellets with a rotary cutter. Each 
type of resulting pellets in an amount of 1 00 kg was dried 
30 at 120°C for about 12 hours by hot air, and was pre- 
served in a moisture-proof bag. 

[0081] These types of resulting high-molecular- 
weight PET resin pellets exhibited the following respec- 
tive MFRs and melt viscosities (280°C): 6.5 g/10 min 
35 and 5,500 Pa-s (P3); 3.2 g/1 0 min and 21 ,000 Pa-s (P4); 
2.6 g/10 min and 35,000 Pa-s (P5); and 1.0 g/10 min 
and 95,000 Pa-s (P6). 

[0082] For the sake of comparison, the respective IV 
values, MFRs, and melt viscosities of commercially 

40 available pellets were: 0.72 dl/g, 57 g/10 min, and 70 
Pa s (C1); 0.83 dl/g, 22.7 g/10 min, and 190 Pa-s (C2); 
1 .0 dl/g, 14 g/10 min, and 220 Pa-s (C3); and 1 .19 dl/g, 
8.3 g/10 min, and 2,500. Pa-s (C4). In terms of the high- 
molecular-weight grades, commercially available PETs 

45 had melt viscosities lower than that of the pellets of the 
present invention and were, therefore, of inferior proc- 
essability. 

(Production Examples 8 to 11 for Masterbatches) 

50 

[Production Examples of Masterbatches D6 to D11] 

[0083] Using a twin screw extruder, manufactured by 
Berstorff, having an opening diameter of 43 mm and an 
55 UD ratio of 43 and evacuated by three-stage water-seal- 
ing, 70 parts by weight of a clear flake (prepared from 
recycled PET bottles, having an intrinsic viscosity of 
0.725 dl/g and a MFR of 56 g/1 0 min) produced by Yono 
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PET Bottle Recycle Co., Ltd. dried by hot air at 120°C 
for about 12 hours and 30 parts by weight of a PET resin 
(IV: 0.83, density: 1 .35) supplied in a dried bag and pro- 
duced by Unitika Ltd. were extruded at a set tempera- 
ture of 260°C, a screw rotation of 200 rpm, a first vent 
pressure of about -600 mmHg, a third vent pressure of 
about -670 mmHg, and a self-feeding rate of 30 kg/h. At 
the same time, 15 parts by weight of an epoxide soy- 
bean oil (epoxy plasticizer O-130P produced by Asahi 
Denka Co., Ltd., epoxy equivalent: 232 g/eq, lemon yel- 
low liquid), which is a polyfunctions! epoxy compound 
having more than two epoxy groups, was injected from 
the second vent with a metering pump to serve as a 
binder (Production Example 8, binder masterbatch D6). 
[0084] In the same manner, 15 parts by weight of an 
epoxide linseed oil (an epoxy plasticizer O-180A pro- 
duced by Asahi Denka Co., Ltd., epoxy equivalent: 176 
g/eq, light yellow liquid), which is a polyfunctional epoxy 
compound having more than two epoxy groups was in- 
jected with a metering pump to serve as a binder (Pro- 
duction Example 9, binder masterbatch D7). In the same 
manner, 15 parts by weight of a heat-stable pentafunc- 
tional epoxy compound having more than two epoxy 
groups (a biphenyldimethane epoxy resin, NC 3000S, 
produced by Nippon Kayaku Co., Ltd. , epoxy equivalent 
of 275 g/eq, light yellow semisolid) was injected with a 
metering pump to serve as a binder (Production Exam- 
ple 10, binder masterbatch D8). 

[0085] Five strands extruded from die openings of 3.5 
mm in diameter were cooled down in water, and were 
cut into pellets with a rotary cutter. Each type of resulting 
pellets in an amount of 50 kg was dried at 140°C for 
about 0.5 hours and subsequently at 120°C for about 
12 hours by hot air, and then preserved in a moisture- 
proof bag. 

[0086] On the other hand, 50 parts by weight of tolu- 
ene and 50 parts by weight of a mixture containing 70 
parts by weight of difunctional ethylene glycol diglycidyl 
ether and 30 parts by weight of Afunctional trimethylol- 
propane triglycidyl ether were mixed in a stainless ves- 
sel to prepare a liquid masterbatch (Production Example 
11 , binder masterbatch D9). 

(Examples 7 to 9) 

[Preparation of pellets of high-molecular-weight 
polyester resins (P7 to P9) by adding any one of binder 
masterbatches D6 to D9 containing 1 00 parts by weight 
of polyfunctional epoxy compounds and composite 
catalyst masterbatch G1 ] 

[0087] Three types of materials were mixed in a tum- 
bler. The materials were 100 parts by weight of undried 
clear flakes (prepared from recycled PET bottles, having 
an intrinsic viscosity of 0.725 dl/g and a MFR of 56 g/1 0 
min : quality specification: respectively under 30 ppm of 
aluminium and metals, 40 ppm of a PVC flakes, 450 ppm 
of pigment flakes, 30 ppm of polyolefin, and 90 ppm of 



a label and others) produced by Yono PET Bottle Recy- 
cle Co., Ltd., 1 0 parts by weight of any one of the binder 
masterbatches (D6 to D8) of respective Production Ex- 
amples 8 to 1 0, and 1 .0 parts by weight of the composite 

5 catalyst masterbatch (G1 ) of Production Example 6 con- 
taining 50 parts by weight of lithium stearate, 50 parts 
by weight of sodium stearate, and 100 parts by weight 
of calcium stearate. While samples were being extruded 
at a set temperature of 280°C : a screw rotation of 100 

10 rpm, afirst vent pressure of about -755 mmHg, a second 
and third vent pressure of about -750 mmHg, and a self- 
feeding rate of 15 kg/h with a twin screw extruder PCM- 
46 manufactured by Ikegai Corporation having a diam- 
eter of 46 mm and an UD ratio of 35 and evacuated by 

15 threes-stage oil-sealing, five strands from die openings 
of 3 mm in diameter were cooled down in water, and 
were cut into pellets with a rotary cutter. Each type of 
resulting pellets in an amount of 20 kg was dried by hot 
air at 1 20°C for about 1 2 hours, and preserved in a mois- 

20 ture-proof bag. 

[0088] The MFRs of the respective types of the result- 
ing high-molecular-weight PET resin pellets were 18 g/ 
1 0 min (P7), 1 5 g/1 0 min (P8), and 1 0 g/1 0 min (P9). 



[Preparation of PET resin pellets having a middle long- 
chain branches by using a single catalyst and binder 
masterbatch D2 containing 75% by weight of a 
30 difunctional epoxy compound and 25% by weight of a 
trifunctional epoxy compound, without using composite 
catalyst masterbatch G1] 

[0089] Under the same conditions as in Example 3, 

35 composite catalyst masterbatch G1 was replaced with 
0.1 parts by weight of lithium stearate (Comparative Ex- 
ample 1), 0.1 parts by weight of sodium stearate (com- 
parative Example 2), or 0.1 parts by weight of calcium 
stearate (Comparative Example 3). The MFR of Com- 

40 parative Example 1 , in which lithium stearate was used, 
was as low as expected, but strands were liable to cut 
off seriously. The MFR of Comparative Example 2, in 
which sodium stearate was used, was lower than ex- 
pected, but strands can be drawn. However, the result- 

^5 ing pellets were undesirably colored yellow. The MFR 
of Comparative Example 3, in which calcium stearate 
was used, was far lower than expected, and it was dif- 
ficult to draw strands. However, the resulting pellets 
were advantageously colored white. Therefore, com- 

50 posite catalyst masterbatch G1 containing these three 
types of catalysts reduces the MFR as well as expected 
and facilitates the drawing of strands, with a high level 
of safety. The resulting pellets are advantageously less 
colored, and barely cause gels to by-produce. 

55 



25 (Comparative Examples 1 to 3) 
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(Example 10) 

[Preparation of pellets of a PET resin (P1 0) having a low 
M FR and a middle long-chain branches by adding liquid 
binder masterbatch D9 containing 70% by weight of a 
dif unctional epoxy compound and 30% by weight of a 
trifunctional epoxy compound and a catalyst, and by 
long-period operation] 

[0090] Using a tumbler, 1 00 parts by weight of undried 
clear flakes (prepared from recycled PET bottles, having 
an intrinsic viscosity of 0726 dl/g and an MFR of 52 g/ 
10 min) produced by With PET Bottle Recycle Co., Ltd. 
and composite catalyst masterbatch G1 containing 0.1 
parts by weight of lithium stearate, 0.05 parts by weight 
of sodium stearate, and 0.05 parts by weight of calcium 
stearate were mixed. A twin screw extruder manufac- 
tured by Ikegai Corporation was used which has an 
opening diameter of 70 mm and an UD ratio of 37 and 
is evacuated by three-stage oil-sealing and which was 
set at a temperature of 280°C, a screw rotation of 1 00 
rpm, a first vent pressure of about -755 mrnHg, a third 
vent pressure of about -750 mmHg, and a self-feeding 
rate of 50 kg/h. While liquid binder masterbatch D9 was 
injected into a second vent with a metering pump at a 
rate of 7.5 kg/h (effective content: 7.5 parts by weight), 
continuous granulation were performed for three days. 
A PET resin (P10) having a MFR of 1 to 2 g/10 min and 
middle long-chain branches was stably produced. 

(Comparative Example 1 0) 

[0091] In substantially the same manner as Example 
10, while, instead of liquid binder masterbatch D9, a raw 
binder mixture containing 70 parts by weight of difunc- 
tional ethylene glycol diglycidyl ether and 30 parts by 
weight of trifunctional trimethylolpropane triglycidyl 
ether was injected into a second vent at a rate of 3.75 
kg/h (effective content: 7.5 parts by weight) with a me- 
tering pump, continuous granulation were performed for 
three days. The injection line was clogged in the second 
day In advance of this, a pulsing stream of strands and 
by-production of dark brown gel occurred. This twin 
screw extruder was overhauled, and dark brown burnt 
deposit was found at the second vent and dark brown 
gel was found in the vicinity of the third vent. Also, the 
liquid binder vaporized was condensed in the oil trap of 
the vacuum line of thd third vent. 

(Production Example 12) 

[Production Example of Catalyst Masterbatch G3] 

[0092] Using a twin screw extruder, manufactured by 
Berstorff, having a opening diameter of 43 mm and an 
UD ratio of 43 and evacuated by three-stage water-seal- 
ing, 50 parts by weight of low-density polyethylene 
(J-REX F124Z produced by Japan Polyolefins Co., Ltd., 



Ml: 0.4) of clearflakes (prepared from recycled PET bot- 
tles, having a intrinsic viscosity of 0.725 dl/g and a MFR 
of 56 g/10 min) produced by Yono PET Bottle Recycle 
Co., Ltd.; 50 parts by weight of ethylene-acrylate copol- 

5 ymer (J-REX- EEA A1100 produced by Japan Polyole- 
fins Co., Ltd., Ml: 0.4); and a composite catalyst con- 
taining 2.5 parts by weight of lithium stearate, 2.5 parts 
by weight of manganese acetate, and 5.0 parts by 
weight of calcium stearate were mixed in a tumbler (Pro- 

10 duction Example 12, composite catalyst masterbatch 
G3). While the sample was being extruded at a set tem- 
perature of 260°C, a screw rotation of 200 rpm, a first 
vent pressure of about -630 mmHg, a third vent pressure 
of about -730 mmHg, and a self-feeding rate of 30 kg/ 

15 h, five strands from die openings of 3.5 mm in diameter 
were cooled down in water, and were cut into pellets with 
a rotary cutter. The resulting pellets in an amount of 10 
kg were dried at 140°C for about 1 hour and subse- 
quently at 1 20°C for about 1 2 hours by hot air, and were 

20 then preserved in a moisture-proof bag. 

(Examples 11 and 12) 

[Formation of sheets by carbon-dioxide foaming from 
25 the pellets of PET resin P3 having a low M FR and a high 
long-chain branches, or from a synthesized PET resin 
corresponding to PET resin P3] 

[0093] In Example 11 , the PET resin pellets(P3) of Ex- 

30 ample 3 having a low MFR (MFR: 6.5 g/10 min) and a 
high long-chain branches was used to form sheets by 
carbon-dioxide foaming. A twin screw extruder (diame- 
ter: 60 mm, UD: 40, vacuumed by two-stage oil sealing) 
equipped with a carbon-dioxide injector, a gear pump, 

35 a circle die (opening diameter: 85 mm, gap: 0.5 mm), a 
mandrel cooler, and ataking-up device was used. Under 
the conditions where the twin screw extruder or the like 
was set at a temperature of 260 to 250°C, a number of 
screw rotation of 1 00 rpm, a first vent pressure of about 

40 5 mmHg, a second vent pressure of about 5 to 1 0 mm- 
Hg, and a self-feeding rate of 50 kg/h, while the PET 
resin (P3) was supplied, 3 parts by weight of carbon di- 
oxide was injected relative to 1 00 parts by weight of the 
resin. Thus, foamed sheets having a expanded ratio of 

45 4 times, a foam diameter of 0.5 mm, a thickness of 2 
mm, and a width of 600 mm were obtained. 
[0094] In Example 12, sheets were formed directly 
from a synthesized PET resin corresponding to the pel- 
lets of the PET resin (P3) having a low MFR and a high 

so long-chain branches by carbon-dioxide foaming. 

[0095] Using a tumbler, 1 00 parts by weight of an un- 
dried clear flakes (prepared from recycled PET bottles, 
having an intrinsic viscosity of 0.725 dl/g and a MFR of 
56 g/10 min) produced by Yono PET Bottle Recycle Co., 
55 Ltd., 7.5 parts by weight of the binder masterbatch (D2) 
of Production Example 2, 2.0 parts by weight of the com- 
posite catalyst masterbatch (G3) of Production Example 
12 containing 50 parts by weight of lithium stearate, 50 
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parts by weight of manganese acetate, and 100 parts 
by weight of calcium stearate, and 2.0 parts by weight 
of talc particles acting as a nucleation agent were mixed. 
The operation was performed using the same equip- 
ment and under substantially the same conditions as in 
Example 11. Thus, foamed sheets having a expanded 
ratio of 4.5 times, a foam diameter of 0.3 mm, a thick- 
ness of 2 mm, and a width of 600 mm were obtained. 

(Example 13) 

[Formation of pipes from a PET resin (P11) having a low 
MFR and a high long-chain branches] 

[0096] Using a tumbler, 1 00 parts by weight of undried 
clear flake (prepared from recycled PET bottles, having 
an intrinsic viscosity of 0.726 dl/g and a MFR of 52 g/10 
min) produced by With PET Bottle Recycle Co., Ltd.; 7.5 
parts by weight of the binder masterbatch (D3) of Ex- 
ample 3; 2.5 parts by weight of talc; and 1.1 parts by 
weight of the composite catalyst masterbatch (G2) con- 
taining 5.0 parts by weight of lithium stearate and 5.0 
parts by weight of calcium stearate were mixed. A twin 
screw extruder for the first stage having an opening di- 
ameter of 46 mm and an L/D ratio of 35, evacuated by 
three-stage oil-sealing, and being set at a temperature 
of 2B0°C, a screw rotation of 1 00 rpm, a first vent pres- 
sure of about -755 mmHg, a second and third vent pres- 
sure of about -690 mmHg, and a self-feeding rate of 30 
kg/h; a single screw extruder for the second stage hav- 
ing an opening diameter of 65 mm and an L/D ratio of 
25, being set at a temperature of 270° C, a screw rotation 
of 50 rpm; and a circle die of 50 mm having a lip gap of 
1 .5 mm were used to perform horizontal extrusion and 
water cooling. Thus, pipes having an external diameter 
of 50 mm were obtained. 

(Example 14) 

[Formation of injection-molded articles from a P ET resin 
(P1 ) having a middling molecular weight and a low long- 
chain branches and a recycled PET flake] 

[0097] Using an injection molding apparatus 
equipped with a twin screw extruder, a small container 
was formed by injection molding from 50 parts by weight 
of a PET resin (P1) having a middling molecular weight 
and a low long-chain branches and 50 parts by weight 
of a PET flake collected from a compressed air molding 
factory for A-PET sheets. 

Industrial Applicability 

[0098] By applying the masterbatch method of the 
present invention, the PET-based polyester of the 
present invention can be allowed to react uniformly in 
long period operation. Since a uniform reaction resin 
having a high molecular weight and a high melt viscosity 



and degree of swelling can be obtained, a high-quality 
articles can be achieved. The resulting articles has ex- 
cellent mechanical properties such as thermal stability 
and tensile strength, and it can be advantageously used 

5 as films, sheets, foamed materials, pipes, cushioning, 
heat insulators, packaging materials, food containers, 
partition plates, and the like in many industrial fields, 
such as civil engineering and construction, electrical 
and electronic, automotive, commodity, packing, and 

10 food packing industries. Also, a large amount of recy- 
cled PET bottles generated in large quantity can effec- 
tively be used as a prepolymer, and this is advantageous 
to society. In addition, the combustion heat value is as 
low as half the combustion heat value of polyethylene 

15 and polypropylene when the resin is burned after use, 
and therefore incinerators are less damaged and toxic 
gases are not generated. 



20 Claims 

1. A masterbatch method for producing a polyester 
resin, comprising the step of allowing materials to 
react uniformly at a temperature equal to or greater 
25 than the melting point of a polyester A, the materials 
comprising: 

(1) 100 parts by weight of saturated straight- 
chain polyester A; 

30 (2) 1 to 10 parts by weight of binder master- 

batch D comprising: 1 0 to 50 parts by weight of 
a mixture acting as a binder containing 0 to 1 00 
parts by weight of a compound having two 
epoxy groups in the molecule thereof and 100 

35 to 0 parts by weight of a compound having an 

average number of epoxy groups of 2.1 or 
more; and 100 parts by weight of base sub- 
stance C; and 

(3) 0.25 to 1 0 parts by weight of catalyst mas- 
40 terbatch G comprising: 5 to 25 parts by weight 

of a metal carboxylate acting as coupling reac- 
tion catalyst E; and 1 00 parts by weight of base 
substance F, 

45 whereby the melt viscosity of the polyester in- 

creases so that the mett flow rate (MFR) is 50 g/1 0 
min or less at280°C and under a load of 2.16 kgf 
in accordance with condition 20 of JIS K 721 0, and 
the degree of swelling of the polyester increases to 

so between 5% and 200%. 

2. A masterbatch method for processing an article, 
comprising the steps of molding a polyester resin 
prepared by the method according to Claim 1 into 

55 pellets in advance; and molding the pellets into the 
articles. 

3. A masterbatch method for processing an article, 
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comprising the step of introducing a polyester resin 
prepared by the method according to Claim 1 to a 
die or a mold to form the articles immediately after 
the reaction of Claim 1 . 

4. A masterbatch method for producing a polyester 
resin or an article of the polyester resin according 
to any one of Claims 1 to 3, wherein saturated 
straight-chain polyester A is a polyethylene tereph- 
thalate-based aromatic polyester having an intrinsic 
viscosity in the range of 0.50 to 0.90 dl/g. 

5. A masterbatch method for producing a polyester 
resin or an article of the polyester resin according 
to any one of Claims 1 to 4, wherein saturated 
straight-chain polyester A is a recycled material pre- 
pared from a collected polyethylene terephthalate- 
based aromatic polyester articles. 

6. A masterbatch method for producing a polyester 
resin or an article of the polyester resin according 
to any one of Claims 1 to 5, wherein the compound 
having two epoxy groups in the molecule thereof 
contained in binder B of binder masterbatch D con- 
tains at least one selected from the group consisting 
of aliphatic polyethylene glycol diglycidyl ether, ali- 
cyclic hydrogenated bisphenol A diglycidyl ether, 
and aromatic bisphenol A diglycidyl ether and early 
condensates of bisphenol A diglycidyl ether. 

7. A masterbatch method for producing a polyester 
resin or an article of the polyester resin according 
to any one of Claims 1 to 6, wherein the compound 
having an average number of epoxy groups of 2.1 
or more contained in binder B of binder masterbatch 
D contains at least one selected from the group con- 
sisting of: aliphatic trimethylolpropane triglycidyl 
ether, glycerin triglycidyl ether, epoxide soybean oil, 
and epoxide linseed oil; heterocyclic triglycidyl iso- 
cyanurate; and aromatic phenol novolac epoxy res- 
ins, crespl novolac epoxy resins, and bisresorcinol 
tetraglycidyl ether. 

8. A masterbatch method for producing a polyester 
resin or an article of the polyester resin according 
to any one of Claims 1 to 7, wherein base substance 
C of binder masterbatch D contains at least one se- 
lected from the group consisting of a polyethylene 
terephthalate-based aromatic polyester having an 
intrinsic viscosity in the range of 0.50 to 0.90 dl/g, 
a recycled material prepared from a collected poly- 
ethylene terephthalate-based aromatic polyester 
articles, condensates of ethylene glycol, cyclohex- 
anedimethanol, and terephthalic acid, polyethylene 
acrylate resins, and toluene. 

9. A masterbatch method for producing a polyester 
resin or an article of the polyester resin according 



to any one of Claims 1 to 8, wherein coupling reac- 
tion catalyst E of catalyst masterbatch G is a com- 
posite containing at least two selected from the 
group consisting of lithium salts, sodium salts, po- 
5 tassium salts, magnesium salts, calcium salts, zinc 
salts, and manganese salts of stearic acid and ace- 
tic acid. 

10. A masterbatch method for producing a polyester 
10 resin or an article of the polyester resin according 

to any one of Claims 1 to 9, wherein base substance 
F of catalyst masterbatch G contains at least one 
selected from the group consisting of a polyethyl- 
ene terephthalate-based aromatic polyester having 

15 an intrinsic viscosity in the range of 0.50 to 0.90 dl/ 
g, a recycled material prepared from a collected pol- 
yethylene terephthalate-based aromatic polyester 
articles, condensates of ethylene glycol, cyclohex- 
anedimethanol, and terephthalic acid, and polyeth- 

20 ylene acrylate resins. 

11. A masterbatch method fo r producing polyester res- 
in pellets, comprising the steps of: melting (1) un- 
dried saturated straight-chain polyester A at a tem- 

25 perature more than or equal to the melting point 
thereof while performing dehydration by degassing 
to a pressure of 13.3 x 10 3 Pa or less in a non- 
water-sealed vacuum line; allowing (2) binder mas- 
terbatch D and (3) coupling reaction catalyst mas- 

30 terbatch G to uniformly react together by heating, 
so that the resulting polyester resin has a melt flow 
rate (MFR) of 50 g/10 min or less at a temperature 
of 280°C under a load of 2. 1 6 kgf in accordance with 
condition 20 of JIS K 7210, and has a degree of 

35 swelling of 5% to 200%; and pelletizing the resulting 
polyester resin. 

12. A masterbatch method for producing an article, 
comprising the steps of: melting (1 ) undried saturat- 

40 ed straight-chain polyester A at a temperature more 
than or equal to the melting point thereof while per- 
forming dehydration by degassing to a pressure of 
13.3 x 10 3 Pa or less in anon-water-sealed vacuum 
line; allowing (2) binder masterbatch D and (3) cou- 

45 pling reaction catalyst masterbatch G to uniformly 
react together by heating, so that the resulting pol- 
yester resin has a melt flow rate (MFR) of 50 g/10 
min or less at a temperature of 2B0°C under a load 
of 2.1 6 kgf in accordance with condition 20 of JIS K 

50 7210, and has a degree of swelling of 5% to 200%; 
and introducing the resulting polyester to a die or a 
mold to form the articles immediately after the fore- 
going reaction. 

55 
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